Seed storage is an essential post-harvest operation that decides the success of seeds viability and germination in next generation. The study explored Mitracarpus villosus and Phyllanthus fraternus extracts as bio-insecticides seed treatments on stored wheat and green gram seeds viability and germination. M. villosus and P. fraternus plants powder were sequentially extracted with solvents of increasing polarity (Petroleum ether, hexane, ethyl acetate, acetone, chloroform and methanol), concentrated and tested for insecticidal activity by fumigant toxicity. The extract which showed maximum activity, was selected for seed viability and germination test. Five replications each were made for the treatment and the control. The plant extracts strengthen the non-phytotoxic nature of plant products against seed viability and germination. Seeds treated with extracts (50-400 μg seed -1 ) did not lose their viability as it resulted in successful and normal germination within the range of 90 -97.67% irrespective of the extracts concentration. While, seeds in control recorded 95.55 and 100% germination which were not significantly different (P>0.05) compared to the treated seeds. Based on findings from the study, potential exploitation of M. villosus and P. fraternus as food grains protectant in insect pest management strategies is recommended for the resource poor farmers. However, further investigations are suggested on
Introduction
Seed availability in the developing nations heavily depends on the subsistence farmers' capacity to preserve the postharvest quality of their produce for consumption and seed purposes. These resource poor farmers usually preserve their food grains inside their own small storage facilities with little or no technological inputs thus predisposing it to high quantitative and qualitative losses due to insect infestation and damage.
Protection of stored grains from insect infestation is the major problem that concerns all nations in the world and it is important to search for good protective materials for the stored products against infestation. Seed treatment is an important process that provides insurance against insect pest infestation as well as soil-borne plant pathogens (Gwary et al., 2007) . Throughout the world, seed treatments have relied mostly on the application of synthetic pesticides, which is still the most effective means of protection of stored food grains and other agricultural produces from insect and pathogenic infestation. In spite of being effective as seed treatment, many disadvantages related to the use of synthetic pesticides have been reported by several researchers (Srivastava & Singh, 2002; Ileke, 2012) . Therefore, there is a rising need for the development of unconventional strategies aiming at lessening the use of pesticides; amongst which are the use of botanicals. Previous studies have demonstrated the effect of plant products, though positive as seed treatments in suppressing pathogenic infection, insect infestation and damage, boosted seed germination, emergence and health of various crop plants (Rani & Murthy, 2008; Rani & Devanand 2011; Chukwuka et al., 2014) . To be considered as a potential biocontrol agent, it is important that a plant product showing activity against insect pest or pathogen does not exhibit any phytotoxic effect on the seed viability or seedling vigour. Miafo et al., (2014) in a study observed that germination of cowpea seeds was unaffected after treatment with ethanolic leaf extracts of Balanites aegyptiaca, Melia azedarach and Ocimum gratissimum.
For the fact there are scanty literatures with regard to the effect of plant extracts used as seed protectants against insect infestation on seed germination and emergence compared to studies on seed borne pathogens, thus necessitate present study to evaluate the role of Mitracarpus villosus and Phyllanthus fraternus extracts in protecting seeds of some stored food grains from storage insects' effects on seed germinative quality.
Materials and methods

Experimental location
The study was conducted at Insect Chemical Ecology Laboratory, Institute of Bioresources and Sustainable Development (IBSD), Imphal, Manipur, India (Latitude 24° 49ʼ N and Longitude 93° 57ʼ E) under ambient conditions of 27±2°C, 70±5% R.H and at photoperiod of 10:14 (L:D).
Collection of plant materials
Matured leaves of Mitracarpus villosus (Girdlepod Family: Rubiaceae) and Phyllanthus fraternus (Gulf leaf-flower Family: Euphorbiaceae) were collected from fallow farmland within the Teaching and Research Farms, Rufus Giwa Polytechnic, Owo, Ondo State, Nigeria (Latitude 7° 11ʼ N and Longitude 5° 35ʼ E). Identification of the plant materials was carried out at the Forestry and Wood Technology Department of the Polytechnic where specimen vouchers were deposited. The plant materials were air dried for a week and thereafter milled to powder using hammer mill and packaged in a polythene bag till further used.
Hundred grams (100g) of powdered M. villosus and P. fraternus was sequentially extracted with 500ml solvents of increasing polarity viz., petroleum ether, hexane, ethyl acetate, acetone, chloroform and methanol, in a soxhlet apparatus. The extracts were concentrated in rotary evaporator (Rotavapor R-IIA (Buchi) Switzerland) under low pressure, below 60°C to make it solvent free (Pati & Chowdhury, 2015) . Chlorophyll removal from the dark-green residue was done by using activated charcoal. The chlorophyll free filtrate was then concentrated, and the solvent totally evaporated.
The dried residue was dissolved in a known volume of methanol on weight by volume (w/v) basis making it 100% stock solution and was stored in sealed glass vials and maintained in a refrigerator (4 ºC) until further use (Murasing et al., 2017) . The solution was assayed for insecticidal activity by the fumigant toxicity (Rajashekar et al., 2013) . Active extract which showed maximum activity, was selected for the germination test.
Seed viability and germination test
Phytotoxicity of active extracts on seed viability, germination and seedling growth of wheat and green gram was assayed according to the reported procedure (Kirtane, 2018). Fifty (50) of each wheat and green gram seed samples were selected from wholesome seed lot and treated with 50, 100, 200 and 400µg/l doses of active fractions of the various plant extracts. The treated seeds were then air dried and assayed for seed viability test at 24 and 72 h after treatment exposure time from which twenty grains of each seeds were randomly selected from each treatment and soaked in distilled water for about 30 mins, and kept on filter paper (Whatman No. 1) in a petri dish, moistened daily with distilled water and allowed to germinate at room temperature (25 ± 2ºC). After 48 and 72 h, germinated seeds were counted and percentage germination was calculated as follows: % of seed viability = (Number of seeds that germinated/Total number of seed sown) x 100. Five replications each were made for the treatment and the control. Data collect was subjected to analysis of variance and treatment means were separated using Duncan Multiple Range Test at 5% probability level.
Results and discussion
Effect of M. villosus and P. fraternus extract on seed viability and germination
The bioactive compounds derived from the active fraction of M. villosus and P. fraternus extracts were observed to be effective in the conservation of the germinative power on the treated grains (Table 1-2) . The seeds treated with M. villosus sub-active fraction extracts (50 -400 μg seed -1 ) resulted in successful and normal germination within the range of 92.35 -96.83%, irrespective of the extracts concentration; which is comparable with seeds in control (Table 1) that recorded 96.37 and 97.68% germination. Germination percentage in untreated seeds were not significantly different (P>0.05) compared to the treated seeds. Similar trend was equally observed in seeds treated with P. fraternus extracts with germination percentage ranging from 94.66 -98.89%), while seeds in control dishes recorded 95.55 -100% germination ( Table 2) . Hence, it is evident from the observations that P. fraternus and M. villosus extracts did not impair or afflict any adverse effect on the germination capacity of green gram and wheat seeds. This shows that food grains treated with plant products maintain the seed quality while at the same time protecting seeds from stored beetle infestation and damage. 
Discussion
Seed storage is an essential post-harvest operation that decides the success of seeds in next generation (Ananthi et al., 2017) . Higher vigour and viability are two characters that cannot be maintained in storage especially in food grains, since they deteriorate rapidly under ambient storage condition (Yaklich et al., 1979) due to insect pest infestation and other biotic factors that hasten the deteriorating rate of seed during storage (Renugadevi et al., 2006) . Grains protectants play vital Seed protectant potential of Mitracarpus villosus and Phyllanthus fraternus extracts … 9 role in extending the storability of seeds to longer duration without appreciable loss in vigour and viability. As an ecofriendly and dual purpose treatment, plant products are widely used for seed treatment in the control of storage insect pests (Ananthi et al., 2017) and conservation of planting materials.
Germination tests are used to evaluate the production of normal seedlings under optimal germination conditions (ISTA, 2014). The current study was steered in order to realize the effect of M. villosus and P. fraternus extracts seed treatments on germination and emergence of wheat and green gram. The results indicated that the plant extracts exhibited no adverse effects on seed germination and emergence.
The germinability of treated seeds and control observed through the standard germination test indicated that the seed germination was above 90% and the treatments showed no significant adverse effect on the seed viability and germination. The results revealed that, all the seed treatments were found to be effective in maintaining the quality of seed and in controlling the stored beetle infestation, as no abnormality was observed. This indicates that the plant extracts do not have any adverse effect on the seed viability; thus strengthens the nonphytotoxic nature of plant products. The findings conclude that the active fractions of the plant extracts used as grain protectants are comparatively safe for the grains stored for seed purposes owing to the higher seed emergence percentages recorded which could be attributed to the plant extracts insecticidal activities that are effective against some stored product insects. This aligned with Masangwa et al., (2017) who opined that for plant materials to be potential seed protectant, it is imperative that such a plant extract showing activity against insect pest and pathogen does not exhibit any phytotoxic effects on the seed. Similarly, the present study validates the findings of Gupta et al., (1991) 2018) who all concluded that seeds treated with botanical powders and extracts proved to be more effective in the conservation of the germinative power of the treated seeds since all the seeds germinated successfully. Trematera et al., (1999) used Allium plants as grain protectant and observed no-adverse effect of these products on the viability of the treated grains. The observed no significant seed impairment recorded in this study may be due to the insecticidal properties and bioactive molecules present in the various plant materials which might have reduced the insect infestation and seed deterioration during storage (Schmidt et al., 1991) . Renugadevi et al., (2006) opined that active principle β asarone derived from Vasambu rhizome powder prevented bruchid infestation and maintained the viability of seeds and was also supported by Anandi (2001) ; Parameswari (2002) ; Ananthi et al., (2017) .
It can be inferred that the germination test reveals that the plant extracts used for control of stored food grains insect pests in this trial did not show any visible negative effect on germination capacity of the seeds, thus strengthens the nonphytotoxic nature of plant products. Therefore, potential exploitation of M. villosus and P. fraternus as food grains protectant in insect pest management strategies is recommended for the resource poor farmers that store small amounts of food grains for consumption and planting. However, further investigations are suggested on biosafety and effects of the extracts on the organoleptic contents of the grains prior to consumption.
